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REMARKS 

1 . Status of the Claims 

Claims 1-3, 6-7, 18, 20-24, and 26-31 are pending in the 
present application. Reconsideration and reexamination of the 
pending claims is respectfully requested in view of the Remarks 
below. 

2 . Rejection Under 35 U.S.C. § 102(e) is Withdrawn 

The rejection(s) of claims 1-3 and 6-7 under 35 U.S.C. § 
102(e) were withdrawn by the Examiner in view of Applicants' 
Response mailed November 8, 2004. 

Next, the Examiner reminds the Applicants that "if 
amendment to claim 1 is made in such a way that new matter is 
removed then rejection to claims 1-3 and 6-7 under 35 U.S.C. § 
102(e) would reinstate". Applicants assume that the Examiner 
means that if the amendments to claim 1 made in the Response 
filed November 8, 2004 are removed during the course of the 
present response, then the rejection to claims 1-3 and 6-7 
under 35 U.S.C. § 102(e) would be reinstated. Applicants 
respectfully request clarification of the Examiner's position 
if Applicants' assumption immediately above is incorrect. 

3 . New Grounds of Rejection Under 35 U.S.C. § 112 

The Examiner rejected claims 1-3 and 6-7 under 35 U.S.C. § 
112, first paragraph, as allegedly failing to comply with 1) 
the written description requirement and 2) the enablement 
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requirement. Applicants respectfully traverse the present 
rejections for the reasons discussed below. First, Applicants 
will respond to the rejection under the written description 
requirement and then Applicants will respond to the rejection 
under the enablement requirement. 

a . Rejection of Claims 1-3 and 6-7 Under the Written 
Description Requirement 

Claims 1-3 and 6-7 are rejected under 35 U.S.C. 112, first 
paragraph, allegedly as failing to comply with the written 
description requirement . 

The Examiner asserts that allegedly "the claims are drawn 
to an animal that is in need of resistance to endotoxic shock, 
which has not been disclosed in the specif ication" . Applicants 
respond that an animal that is in need of resistance to 
endotoxic shock is disclosed in the specification as follows. 

Claims 1 and 6, as originally filed, are related to a 
method for treating a patient having sepsis in which regulating 
energy metabolism during a systemic inflammatory response is 
desired. 

Claim 1, as originally filed, is related to "treating a 
patient having a condition in which regulating energy 
metabolism during a systemic inflammatory response is desired". 
The specification defines "systemic inflammatory response 
syndrome" (SIRS) as "a term which describes the clinical 
syndrome of sepsis without regard to its cause" (see, e.g., 
page 2, lines 22-23 of the specification) . Furthermore, the 
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specification states that "the term SIRS is used to denote 
sepsis, septic shock, sepsis syndrome, and related conditions " 
(see, e.g., page 3, lines 27-29 of the specification). Still 
further, the specification refers to "systemic inflammatory 
response syndrome" conditions as " endotoxic shock " , "sepsis", 
and "septic shock" (see, e.g., page 8, lines 7-9). Therefore, 
there is support in the specification for "an animal in need to 
resistance to endotoxic shock" in currently pending claim 1 
because originally filed claim 1 is related to treatment during 
a systemic inflammatory response and because endotoxic shock is 
defined to be a type of systemic inflammatory response in the 
specification as set forth above. 

By way of further argument, the specification discloses an 
animal in need of resistance to endotoxic shock at page 23, 
lines 19-23. Accordingly, the present rejection should be 
withdrawn because the specification discloses an animal that is 
in need of resistance to endotoxic shock. 

Next, the Examiner asserts that there "is no disclosure 
when an animal will need resistance to endotoxic shock" (see 
the bottom of page 3 of the Office Action mailed June 6, 2005 
(hereinafter, the "Office Action") ) . Applicants respectfully 
disagree because the specification discloses an animal in need 
of resistance to endotoxic shock and this makes it clear "when" 
resistance to endotoxic shock was needed (when the animal is in 
need) . 

Next, the Examiner asserts that there "is no disclosure 
. . . [of] how long (duration of) resistance to endotoxic shock 
is needed". Applicants respectfully disagree because one 
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skilled in the art knows that the duration is as long as the 
animal is in need of resistance to endotoxic shock. In Example 
4 (starting at page 22) of the specification, it is 
demonstrated that a single administration of a recombinant OB 
protein was effective in ameliorating endotoxic shock in this 
Example . 

b. Rejection of Claims 1-3 and 6-7 Under the Enablement 
Requirement 

The Examiner asserts on page 6 of the Office Action that 
"identifying an animal or a patient population in need of 
conferring resistance to endotoxic shock is highly 
unpredictable" because "once a bacterial infection has occurred 
or cytokine levels are high in [an] animal, [it] still does not 
make an animal in need of resistance to endotoxic shock". This 
assertion should be withdrawn because it is unsupported by any 
evidence . 

Applicants respectfully submit that one skilled in the art 
of treating endotoxic shock, which is typically a physician, is 
capable of determining when an animal is in need of resistance 
to endotoxic shock using standard methods in the art. There is 
no inventive skill required. Applicants respectfully submit 
that the ability to diagnose every single case of endotoxic 
shock is not a requirement of the claims. 

Next, the Examiner asserts at the bottom of page 6 of the 
Office Action that the "development of an endotoxic shock after 
an infection or level of cytokine expression would depend on a 
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number of factors such as severity of infection, duration of 
infection or level of cytokines in [the] system". 

Applicants respectfully submit that the specific factors 
cited by the Examiner that are allegedly needed to determine if 
an animal has endotoxic shock are not supported by any evidence 
of their necessity. Furthermore, one skilled in the art of 
diagnosing endotoxic shock was capable of accessing the factors 
cited by the Examiner (if necessary) and other factors to 
determine whether or not the animal is in need of treatment for 
endotoxic shock. 

Next, the Examiner asserts near the top of page 7 of the 
Office Action that the working model disclosed in the 
specification in Example 4 (page 22) of treating an LPS induced 
endotoxic shock using OB protein allegedly "does not define an 
animal in need of resistance to endotoxic shock and when one 
needs this resistance". The Examiner further asserts that one 
skilled in the art allegedly needs to identify an animal in 
need of resistance to endotoxic shock, time of administration, 
and duration of treatment to confer resistance for endotoxic 
shock and that this would allegedly require huge 
experimentation and clinical trial to evaluate its validity. 

Applicants respectfully submit that the assertions by the 
Examiner listed above are unsupported by any evidence and, 
therefore, should be withdrawn. Furthermore, the working model 
disclosed in Example 4 of the specification is an art 
recognized model system for studying endotoxic shock. For 
support please refer, for example, to Shapira et al. (March 
1996) Infection and Immunity 64 (3) : 825-828 which states 
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"Injection of LPS into the bloodstream results in 
pathophysiological changes that are similar to those seen in 
sepsis in experimental animals as well as human volunteers" 
(see page 825, first column, lines 12-15) . Please note that 
sepsis is another term for endotoxic shock. A copy of Shapira 
is enclosed for the convenience of the Examiner. 

Applicants further submit that the Examiner has not 
established with support that identification of an animal in 
need of resistance to endotoxic shock and the time and duration 
of administration would require "huge" experimentation. Also, 
the Examiner has not provided any evidence that the level of 
experimentation would be "huge" or that the level of 
experimentation, if any, required to perform the invention is 
undue . 

The fact that experimentation may be complex does 
not necessarily make it undue, if the art typically 
engages in such experimentation. In re Certain 
Limited-Charge Cell Culture Microcarriers, 221 USPQ 
1165, 1174 (Int'l Trade Comm'n 1983), aff 'd. sub 
nom., Massachusetts Institute of Technology v. A.B. 
Fortia, 774 F.2d 1104, 227 USPQ 428 (Fed. Cir. 
1985). See also In re Wands, 858 F.2d at 737, 8 
USPQ2d at 1404. See MPEP 8 th ed. Rev. 3, August 2005 
§ 2164.01. 

Because the Examiner has not established with supportive 
evidence that undue experimentation is required to perform the 
claimed invention, the present rejection should be withdrawn. 
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Referring to the Examiner' s assertion that a clinical 
trial is necessary to evaluate the validity of the enablement 
of the invention, Applicants respectfully turn to the MPEP 
quoting the courts which states that clinical trials are not 
required to demonstrate enablement. 

" [C] onsiderations made by the FDA for approving 
clinical trials are different from those made by the 
PTO in determining whether a claim is enabled. See 
Scott v. Finney, 34 F.3d 1058, 1063, 32 USPQ2d 1115, 
1120 (Fed. Cir. 1994) ("Testing for full safety and 
effectiveness of a prosthetic device is more 
properly left to the [FDA].")." See MPEP 8 th ed. Rev. 
3, August 2005 § 2164.05. 

Accordingly, the present rejection based on a requirement 
for a clinical trial should be withdrawn based on the decision 
of the Court in Scott v. Finney. 

4 . Rejection of Claims 18, 20-24 and 27 is Maintained Under 
35 U.S.C. § 112, First Paragraph 

The Examiner maintained the rejection of claims 18, 20-24, 
and 27 under 35 U.S.C. § 112, first paragraph, for the reasons 
of record in the previous Office Actions. The present rejection 
is respectfully traversed for reasons on record including the 
Appeal Brief mailed February 12, 2004 (hereinafter the "Appeal 
Brief") . Please see, for example, pages 7-11 of the Appeal 
Brief. 
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Applicants note that the Examiner did not reply to the 
arguments made in the Appeal Brief in the present Office Action 
mailed June 6, 2005. Applicants respectfully request that the 
Examiner respond to the additional arguments made in the Appeal 
Brief. 

5 . Rejection of Claims 18, 20-24, 26, and 28-31 is Maintained 
Under 35 U.S.C. § 103(a) 

The Examiner maintained the rejection of claims 18, 20-24, 
26, and 28-31 under 35 U.S.C. § 103(a) for reasons on record in 
the previous Office Actions. The present rejection is 
respectfully traversed for reasons on record including the 
Appeal Brief. Please see, for example, pages 12-17 of the 
Appeal Brief. 

Applicants note that the Examiner did not reply to the 
arguments made in the Appeal Brief in the present Office Action 
mailed June 6, 2005. Applicants respectfully request that the 
Examiner respond to the additional arguments made in the Appeal 
Brief. 



CONCLUSION 

Claims 1-3, 6-7, 18, 20-24 and 26-31 are currently 
pending. The Applicants respectfully submit that all pending 
claims are in condition for allowance and request that the 
Examiner allow all pending claims. 

No new matter is added by way of the present Response. 
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The Examiner is requested to contact the representative 
for the Applicants, to discuss any questions or for 
clarification. If there are any fees associated with this 
response, the Director is authorized to charge our Deposit 
Account No. 19-0962. 



THE SCRIPPS RESEARCH INSTITUTE 
Office of Patent Counsel 
10550 North Torrey Pines Road 
Mail Drop TPC-8 
La Jolla, California 92037 
(858) 784-2937 

P: \NancyB\WP\2005\PTO\SCRl832P.RESP2FINALOA.wpd 
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Septic shock results from excessive stimulation of host immune cells, particularly monocytes and macro- 
phages, by lipopolysaccharide (LPS) released from gram-negative bacteria. Macrophage-derived cytokines, 
such as tumor necrosis factor alpha (TNF-a) and interleukin-lp (IL-lp), have been identified as central 
mediators in the pathogenesis of septic shock and the resultant mortality. Therefore, these cytokines were 
targets for experimental therapy for septic shock. Because of tetracycline's ability to intervene in cellular 
mechanisms involved in cytokine secretion, we tested the effect of tetracycline on LPS-induced septic shock and 
inflammatory lesions in mice. Tetracycline was found to protect mice against LPS-induced lethality and to 
abolish clinical signs of LPS-induced inflammatory lesions. This protection correlates with tetracycline's 
ability to reduce LPS-induced TNF-a levels in serum. Furthermore, tetracycline was found to inhibit LPS- 
induced TNF-a and IL-lp secretion, but not cytokine mRNA accumulation, in human monocytes in vitro. The 
results presented here suggest that tetracycline is a potent drug for LPS-induced pathology and that its 
mechanism of action involves blockage of posttranscriptional events of cytokine production. 



Septic shock is one of the leading causes of death in hospi- 
talized patients, and mortality rates of up to 50% have been 
reported (6, 7, 33). Despite all efforts, no regimen today seems 
to be successful in the treatment of septic shock (3). The shock 
state results from a systemic infection with gram-negative bac- 
teria (sepsis), but the clinical outcome of the infection leading 
to septic shock results primarily from the excessive stimulation 
of the host immune cells, particularly monocytes and macro- 
phages, by lipopolysaccharides (LPS) (6, 35, 36). LPS is a 
major component of the outer cell wall of gram-negative bac- 
teria, and it is the most potent stimulator of monocyte and 
macrophage cytokine secretion (36). Injection of LPS into the 
bloodstream results in pathophysiological changes that are 
similar to those seen in sepsis in experimental animals (22, 30, 
39) as well as human volunteers (20, 25, 26, 28, 45). 

Monocyte-derived inflammatory cytokines, particularly tu- 
mor necrosis factor alpha (TNF-a) and interleukin-l (IL-1), 
have been implicated in the pathogenesis of septic shock (8-10, 
14, 18, 22, 24, 27, 30, 31, 37, 39, 44, 50). After injection of LPS, 
there is a rapid increase in serum TNF-ot and IL-1 levels, which 
peak after 1 to 3 h. This response has similar kinetics in a variety 
of mammals, including humans (20, 22, 25, 26, 28, 30, 37, 39, 45). 
In addition, intravenous injection of TNF-a and/or IL-1$ was 
found to result in a septic-shock-like state (2, 13, 32, 49). 

Tetracyclines are a well-known family of antibiotics which 
are active against a wide range of gram-positive and gram- 
negative bacteria. In addition, anti-inflammatory properties of 
tetracycline, which are independent of its antibacterial activity, 
have been described, including the inhibition of protein kinase 
C and metalloproteinases (15, 19, 52). On the basis of the 
anti-inflammatory properties of tetracycline, the study pre- 
sented here was designed to test the hypothesis that tetracy- 
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cline can be used to prevent LPS-induced pathology and to 
inhibit cytokine secretion from human monocytes. 

MATERIALS AND METHODS 

Endotoxic shock mouse model. Sabra mice (female, 6 to 7 weeks old, ""35 g) 
were injected with Salmonella typhosa LPS (Sigma, St Louis, Mo.) intravenously 
as a model for endotoxic shock. LPS was dissolved in a sterile pyrogen -free saline 
solution and dispersed by brief sonication. Experimental animals were given 1 ml 
of a 2-mg/ml tetracycline-HCl solution (58 mg/kg of body weight; Teva, Jerusa- 
lem, Israel) by gavage 20 min prior to intravenous LPS injection. Tetracycline 
administration was repeated 6 and 24 h after the LPS injection but at half of the 
original dose. Control animals received saline. Mouse mortality was monitored 
twice daily for 72 h, and in some experiments monitoring was continued once 
daily for up to 3 weeks. 

For the determination of TNF-a levels in serum, mice were challenged with 
500 |xg of LPS intravenously. Simultaneously, 1 ml of the 2-mg/ml tetracycline- 
HCl solution was given by gavage to experimental animals, while control animals 
received saline. The animals were bled from the infraorbital plexus 2 h after LPS 
challenge, and the levels of TNF-a in the serum were determined by two-site 
enzyme-linked immunosorbent assay (ELISA) with anti-mouse TNF-a antibod- 
ies from Pharmingen (San Diego, Calif.) according to the manufacturer's in- 
structions. 

LPS-induced subcutaneous inflammatory lesions. LPS (from Porphyromonas 
gingivalis; 0.1 mg/0.1 ml per animal) was injected subcutaneously on the dorsa of 
Sabra or BALB/c mice. Simultaneously, the animals were injected intraperito- 
neally (i.p.) with 0.1 ml of a tetracycline solution (5 to 20 mg/ml) or saline. In 
some experiments, two groups of control animal were used; one received ampi- 
cillin (15 mg/ml; Sigma) i.p. and the other received saline. Lesion size was 
monitored daily for 3 weeks. 

Assessing tetracycline's effect on TNF-a and IL-lp production by LPS-stim- 
ulated human monocytes. Fresh human monocytes were isolated from the buffy 
coats of healthy donors' blood specimens received from the blood bank of 
Hadassah Medical Center as previously described (42). Briefly, the bufiy coats 
were fractionated by Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) sedimenta- 
tion. The mononuclear cell fraction was removed, and the cells were washed 
three times and resuspended in RPMI 1640 medium supplemented to final 
concentrations of 100 U of penicillin per ml, 100 \ig of streptomycin per ml, 2 
mM L-glutamine (all from Biological Industries, Beit-Haemek, Israel), and 2% 
inactivated human type AB serum (Sigma), The cells were plated in 24-well 
culture plates at a concentration of 4 X 10* cells per well and incubated for 90 
min. Nonadherent cells were removed by aspiration, and the wells were washed 
three times with phosphate-buffered saline. The adherent cells were then incu- 
bated with LPS with or without tetracycline. The medium was collected 18 h after 
LPS stimulation and kept at -70°C until assayed. TNF-a and IL-lp were assayed 
in the culture supernatants by two-site ELISA as previously described (42) but 
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FIG. 1. (A) Survival of mice treated with tetracycline while in LPS-induced 
septic shock. Mice (« = 20 in each treatment group) were treated as described 
in Materials and Methods. Mouse mortality was monitored twice daily for at least 
72 h. No further mortality was observed between day 3 and day 21 of follow-up. 
The two treatment groups were significantly different (P < 0.01). The same 
results were observed in three additional experiments, with five mice in each 
treatment group. (B) Survival of mice treated with tetracycline as described 
above and challenged with various doses of LPS- Lethality was assessed 48 h 
later. Each datum point represents 5 to 10 mice. (C) Effect of tetracycline (TTC) 
treatment on serum TNF-a levels in LPS-injected mice. Mice (n = 3 in each 
group) were challenged with LPS as described in the text. Animals were bled 2 
h after LPS challenge, and the levels of TNF-a in the serum were determined by 
two-site ELISA. The results are means ± standard errors. The two groups are 
significantly different (P = 0.016, Student's / test). 



with antibodies from R&D Systems (Minneapolis Minn.). TNF-a, IL-10, and 
3 -act in mRNA were semiquantified by reverse transcription -PCR 2 h after LPS 
stimulation, as previously described (42, 46), with primers from Clontech (Palo 
Alto, Calif.) and from Strategene (La Jolla, Calif.) for IL-10 and for TNF-a and 
p-actin, respectively. 

RESULTS 

Tetracycline administered by gavage was found to protect 
mice against a lethal challenge with LPS (Fig. 1A). None of the 
mice that received 0.8 mg of LPS survived after 48 h, while 
80% of the tetracycline- treated mice survived (P < 0.01, Z test 
with the Yates correction). Mice that survived the first 48 h 
recovered completely and continued to survive for at least 
another 3 weeks. In addition to significantly reducing mortality 
under these conditions, tetracycline treatment was found to 
shift the dose-response curve for LPS-induced lethality to the 
right (Fig. IB). Complete protection by tetracycline was ob- 
served when the dose of LPS causing 60% mortality was used. 
Tetracycline administered by gavage to sham-challenged mice 
did not have a toxic effect. 

Oral administration of tetracycline was also found to signif- 
icantly reduce serum TNF-a levels in LPS-injected mice (Fig. 
1C). While the TNF-a level in sera of LPS-challenged control 
mice was 3.28 ± 0.78 ng/ml (mean ± standard error), the level 
in tetracycline- treated mice was reduced to 0.14 ± 0.03 ng/ml 
(n = 3 for each group; P = 0.016, Student's t test). 
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FIG. 2. Effect of tetracycline on LPS-induced lesions in mice. Mice were 
challenged with LPS as described in the text Simultaneously, tetracycline was 
injected i.p. Tetracycline administration was repeated daily for 4 days. Lesion 
size was monitored daily. (A) Clinical views of the lesion (arrows). The left panel 
shows a sham-treated mouse with a typical LPS-induced lesion; 75 to 100% of the 
tetracycline (1.5 mg^day) -treated mice showed no lesion formation. The remain- 
ing animals developed minimal-sized lesions like the one illustrated in the right 
panel. Photographs were taken 72 h after LPS injection. (B) Effect of tetracycline 
on development of LPS-induced lesions. Mice (n = 5 in each group) were treated 
with either 1.5 mg of tetracycline per animal per day or saline and were followed 
up for 14 days. The two groups showed significantly different responses (P < 
0.01). Similar results were obtained in three more experiments. (C) Dose-dependent 
inhibition of LPS-induced lesions by tetracycline. Mice (p = 5 in each group) were 
treated with various doses of tetracycline. Lesion size was measured after 48 h. 



Examination of the effect of systemic administration of tet- 
racycline on LPS-induced subcutaneous inflammatory lesions 
in mice also revealed a marked positive effect. Subcutaneous 
injection of 0.1 mg of LPS into mice induced a visible lesion (60 
to 80 mm 2 ) within 24 h, with tissue necrosis which started to 
heal spontaneously after 1 week (Fig. 2A and B). Daily admin- 
istration (i.p.) of tetracycline for the first 4 days following LPS 
challenge reduced the size of the lesion in a dose-dependent 
manner (Fig. 2A and C). An optimal effect of tetracycline was 
seen at a dose of 75 mg/kg of body weight, with total inhibition 
of lesion formation occurring in 75 to 100% of the treated mice 
(P < 0.01, Z test and one-way analysis of variance). When 
lesions did occur, their appearance was delayed until the fourth 
day after LPS challenge, and they were markedly reduced in 
size (<10 mm 2 ) and lacked necrosis (Fig. 2A and B). Admin- 
istration (i.p.) of 100 mg of tetracycline per kg abolished all 
signs of inflammation but resulted in up to a 20% lethality rate. 
A unrelated broad-spectrum antibiotic, ampicillin (25 to 100 
mg/kg), had no effect on the lesion size (data not shown). 

In order to explore some aspects of the mechanism involved, 
we tested the effect of tetracycline on the secretion of TNF-a and 
IL-lp by LPS-stimulated human monocytes. Tetracycline was 
found to inhibit LPS-induced TNF-a and IL-lp secretion into the 
culture medium in a dose-dependent manner (Fig. 3). Complete 
inhibition of the secretion of these cytokines was observed with 
0.5 mg of tetracycline per ml, and the 50% inhibitory dose was 
**0.1 mg/ml. No cellular toxicity of tetracycline was observed at 
the tested concentrations. However, when the effect of tetracy- 
cline was tested at the mRNA level, no effect of tetracycline on 
II^lp mRNA accumulation could be demonstrated in LPS-stim- 
ulated monocytes (Fig. 3C). The same results were obtained for 
TNF-a mRNA (data not shown). 
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FIG. 3. Dose-dependent inhibition of LPS (1 iig/ml)-induced secretion of 
TNF-a (a) and IL-lp (b) from human monocytes by tetracycline. Cytokine 
secretion into the medium was quantified by ELISA. (c) Effect of tetracycline on 
LPS (1 u>g/ml)-induced IL-10 mRNA accumulation in human monocytes. Lane 
MW, DNA length markers; lane 1, LPS-stimulated monocytes; lane 2, unstimu- 
lated monocytes; lanes 3 to 6, monocytes stimulated with LPS and 50, 100, 250, 
or 500 |ig of tetracycline per ml, respectively. mRNA was scmiquantilicd by 
reverse transcription -PCR. 



DISCUSSION 

There is little doubt that excess levels of inflammatory me- 
diators lie behind the clinical manifestations and mortality 
associated with septic shock. Therefore, any intervention that 
inhibits the release of cytokines or neutralizes their effect is 
believed to benefit patients experiencing septic shock. The 
present study showed that treatment with tetracycline modu- 
lates the response to LPS and markedly reduces its lethal 
toxicity in mice. In addition, tetracycline was found to inhibit 
TNF-a and IL-lp secretion from human monocytes in vitro as 
well as to reduce serum TNF-a levels in vivo. TNF-a and IL-lp 
are thought to be central mediators in septic shock, and studies 
using animal models have shown that targeting TNF-a or 
IL-lp prevents the clinical manifestation of septic shock (1, 4, 
5, 21, 23, 34, 41, 47, 48, 51, 55). However, studies using anti- 
cytokine strategies in humans were not as successful at saving 
patients' lives (3). It is reasonable to suggest that more than 
one mediator is involved in the pathogenesis of septic shock, 
and targeting a single cytokine might not be as effective as 
blocking several involved cytokines. The results presented here 
show that tetracycline inhibits the secretion of both TNF-a and 
IL-lp from human monocytes. These two mediators were 
found to be synergistic in the induction of a shock-like state 
(13, 32, 49). The oral doses of tetracycline that were used in the 
present study are severalfold lower than the reported 50% 
lethal dose for tetracycline (16), and no signs of toxicity were 
detected after oral administration. However, the i.p. injection of 
high doses of tetracycline (>2 mg per animal) caused peritoneal 
injury and death in up to 20% of the animals. It was for this 
reason that we reverted to the oral administration of tetracycline. 



LPS-induced secretion of cytokines from monocytes involves 
specific intracellular signal transduction events. Several studies 
show the involvement of protein kinase C, protein tyrosine 
kinase, and mitogen-activated protein kinase in this process 
(11, 12, 38, 42, 53, 54). Another step involved in TNF-a secre- 
tion is the proteolytic cleavage of membrane-anchored TNF-a 
and the release of the soluble form of this cytokine (29). This 
step is dependent on the activity of a specific metalloprotein- 
ase. In addition to having antibacterial properties, tetracycline 
has been shown to inhibit both protein kinase C and metallopro- 
teinase activities (17, 52). The inhibition of these activities was 
found to be related to the strong chelating ability of tetracycline. 
It is therefore reasonable to hypothesize that these properties of 
tetracycline lie behind the mechanism by which cytokine secretion 
is blocked. The finding that tetracycline inhibits cytokine secre- 
tion but not cytokine mRNA accumulation suggests that the 
mechanism involves the blockage of posttranscriptional events 
rather than early intracellular events. 

Tetracycline has been widely used to treat several localized 
inflammatory diseases, such as chronic acne and periodontal 
disease. However, the mechanism of its action is still unclear. 
It has been suggested that tetracycline is effective at least in 
part because of its inhibitory effect on tissue collagenase (17). 
Inhibition of cytokine secretion is another possible pathway by 
which tetracycline may function in these clinical situations. 
Indeed, high levels of TNF-a and IL-lp have been associated 
with tissues affected by periodontal disease, and these cyto- 
kines have been implicated as central mediators in the local- 
ized destructive process associated with this disease (40, 43). 

In conclusion, tetracycline was found to inhibit TNF-a and 
IL-lp secretion from LPS-stimulated monocytes, to reduce 
LPS-induced serum TNF-a levels in vivo, to protect mice from 
experimentally induced septic shock, and to reduce the size of 
LPS-induced subcutaneous lesions. The data presented here 
suggest that the use of tetracycline or tetracycline derivatives 
might be an effective means of therapy in LPS-induced pathol- 
ogies such as septic shock. 
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